tentially more glider data than other platforms in a given location because gliders dive and 141 climb much more frequently in space than ships or floats make observations. Taking a simple 142 average of the data would bias the QC envelopes toward the glider data. Therefore, we use 143 state-binned, not raw, data to set the envelope of acceptable data in the T-S space QC filter 144 applied to the raw data. Any raw T,S,P triplets outside of ±2.3 standard deviations relative to 145 the state-binned mean T-S curves are removed. In both the P-level and T-S filters, any pro-146 files with more than 20% rejected data points are entirely rejected. Aside from the addition 147 of state-binning to set the envelope of acceptable data and changes in resolution, the QC here 148 is nearly identical to that described by Lozier et al. [1995] with the same Hydrobase func-149 tions [Curry and Nobre, 2013] . 150 After two passes of the QC filter, 88.2% of the profiles and 91.8% of the T,S,P triplets 151 are retained. For the glider data, 93.5% of the triplets are retained. The joint QC of ship, 152 float, and glider data has the benefit of including all possible observed variability; if glider 153 data were QC'ed relative to the envelope defined by just ship and float data, up to 30% of the 154 glider data points are rejected. 155 Once the QC is done, the retained raw data are state-binned one last time and the re- State-binning is required here because we do not want the different spatial sampling scales 160 in the raw, QC'ed data due to the different platforms to bias the climatologies. The sea-161 sons, DJF, MAM, JJA, and SON, are based on 7.0×10 3 , 13.7×10 3 , 15.3×10 3 , and 9.2×10 3 162 state-binned profiles, respectively. Along the EEL in the Rockall Trough (14°W to 8.5°W by 163 56.5°N to 58.0°N), there are 411, 1034, 522, and 424 state-binned profiles for DJF, MAM, 164 JJA, and SON, respectively. Empty grid nodes are filled with linear interpolation in the ver-165 tical and along-isopycnal Laplacian-spline interpolation in the horizontal [Smith and Wessel, 166 1990 ]. To reduce the impact of mesoscale variability, each climatology is smoothed along 167 isopycnals with a 1 grid node radius Gaussian filter with a 15 km length scale. T and S in the 168 Rockall Trough along the EEL were extracted from each climatology and linearly interpo-169 lated onto a 5 km by 10 dbar regular grid. 170 els, were computed by sorting data into either 4 seasons or 12 months and then averaging the 172 data in the 4 or 12 bins. In particular, the annual mean for each year was not subtracted from 173 the data before the seasonal cycle was computed because there are insufficient observations 174 to define the annual mean for each year. Annual means were not subtracted from the model 175 output as well because we wanted the results based on model output to be directly compara-176 ble to the observations. 177
Geostrophic Transports 178
The sections of the Rockall Trough extracted from the seasonal, 3-dimensional clima-179 tologies as described at the end of section 2.2 are used to compute geostrophic transports 180 as described by Holliday et al. [2015] and as implemented by Morgan and Pender [2010] 181 except that bottom triangles are treated with zero transport and the geostrophic transport is 182 referenced to a level of no motion at 1200 dbar [Holliday et al., 2000] 
as in Bacon and Fofonoff [1996] . The freshwater transport is computed by
where S is the salinity and S ref = 34.8 is the reference salinity. 208
Geostrophic Streamfunction

209
A geostrophic streamfunction, ψ, is estimated by first computing the dynamic height 210 referenced to 1200 dbar, then depth-integrating the dynamic height from 1200 m to 10 m, 211 and finally dividing by the local Coriolis parameter, 
Sverdrup and Ekman Transports
223
The wind driven Sverdrup [Sverdrup, 1947] and Ekman transports were computed as 224 summarized in Gray and Riser [2014] ;
where V Sv and V Ek are the Sverdrup and Ekman transports, respectively, β is the meridional 226 gradient of f , τ is the vector wind stress, and τ x is the zonal component of the wind stress.
227
The vertical velocity at the base of the Ekman layer, Ekman pumping, was computed with the coldest waters in the spring, after the winter storms ( Fig. 2b) , and the warmest waters in 242 the fall, lagging the summer warming ( Fig. 2d ).
243
In the time-mean ( Fig. 2e Next, we test for seasonality in pressure gradients at depth over the whole ESPNA.
261
Geostrophic streamfunctions, Ψ, representing the upper 1200 m are constructed from our 262 database of state-binned hydrographic data ( Fig. 3abcd ). In general, these streamfunctions with the percentage of data removed ( Fig. 5 ). An inflection point near 50% of data removed 320 represents a balance between causing the climatology building process to break down by re-321 moving too much data and repeatedly building nearly the same climatology when too little 322 data is removed. Therefore, we chose the 50% random removal level for the mean and uncer-323 tainty of the transports we report here. Since these uncertainties do not take into account all 324 the variability in the real ocean, they should be interpreted as analogous to standard errors in 325 the mean transport and not the standard deviation of the transport. Similar to the model out-326 put, the uncertainty estimate of the observed volume transports (Fig. 4d) is also on the order 327 of the seasonal cycle amplitude.
328
The Rockall Trough volume transports derived from observations can be sensitive to 329 the horizontal resolution of the grid used to average over the data. For horizontal grids in 330 the range of 0.15°to 0.25°( Fig. 4d blue, black, and cyan lines), there is no significant change 331 in the transports relative to the envelope of uncertainty. However, the isopycnals in coarser, 332 lower resolution climatologies are much flatter than in the higher resolution climatologies 333 (not shown), resulting in smaller pressure gradients at depth and thus reduced transports at 334 low resolution ( Fig. 4d red and There is a clear seasonal cycle in dynamic height near the 1200 m isobath at the east-357 ern and western endpoints of the Rockall Trough (Fig. 7d ). The resulting transport estimates 358 for the waters above 1200 m are consistent with summer having the lowest volume transport. Over long timescales, Sverdrup dynamics predict that the wind-driven transport will 368 match the geostrophic transport in the upper layer [Sverdrup, 1947; Gray and Riser, 2014] . by the relative Ekman velocity between the two endpoints, is weak (strong), the gradient in 383 the dynamic heights at the endpoints, which is directly related to the transport through the 384 Trough, is also weak (strong) (Fig. 7ef) . The direct impact of this Ekman pumping mecha- shifts result in yet smaller amplitudes of the transport seasonal cycle.
395
The amplitude of the seasonal cycle of V 1200 geo in the models, 1.5 Sv and 2.5 Sv for VIKING20 396 and FLAME, respectively, is less than that for V 1200 abs , 2.6 Sv and 3.7 Sv for VIKING20 and 397 FLAME, respectively (Fig. 4e,f) . Although small compared to the interannual variability, 398 this seasonal discrepancy between geostrophic and absolute transports may stem from the 399 wind-driven circulation imparting a seasonal barotropic transport that is not in the geostrophic 400 velocity field. This seasonal modulation is consistent with the seasonal intensity of the Sver-401 drup transport (Fig. 4de ) because when the Sverdrup transport is low, V 1200 abs < V 1200 geo but 402 when the Sverdrup transport is high, V 1200 abs > V 1200 geo . Insofar as the gradient of seasonal ADT 403 anomalies (Fig. 2) can be an indicator of the seasonal barotropic transport, the lower (higher) 404 transport in the summer (winter) is also consistent with this modulation. 
Geostrophic streamfunction anomaly [Sv] Rockall Trough EEL section endpoints near the 1200 m isobath at 12.79°W (solid) and 9.43°W (dashed) in observations (red) and VIKING20 (black). e) Geostrophic transport derived from the difference in depthintegrated dynamic heights at the endpoints in observations (red) and VIKING20 (black). The red dashed line is the observed V 1200 geo (the black line in Fig. 4d ) and the black dashed line is V 1200 geo in VIKING20 (the black line in Fig. 4e ). f) Mean Ekman pumping velocities at 9.43°W relative to 12.79°W derived from the CORE2 data.
